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Motivation

• How well can sPHENIX measure fragmentation functions? 
➡ in p+p, Au+Au, and with different tracking options 
➡ physics insight from LHC: ~20% modifications for z=0.05-0.50, 

up to ~60% modification for z < 0.05  
➡ This update: focus on p+p collisions, default tracking option to start
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Simulated dataset

• Ran 5k Pythia8 dijet events, minimum pT > 40 GeV 
➡ only analyze R=0.4 truth jets with pT > 20 GeV and |ηjet| < 0.6 

(so that |ηjet ± 0.4| < 1.0) 
• Full G4 simulation with fully active 7 layer pixel+strip in 

cylindrical geometry form (“G4_Svtx.C”) 
➡ not yet simulating any calorimeter elements (so no reco jets)
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Observable definition

• Take all particles with pTparticle > 0.5 GeV that are within 
ΔRjet,particle < 0.4 of the (Ranti-kt=0.4) jet axis 
➡ (1/Njet)dN/dz, where z = (p particle · p jet)  / |p jet|2 

➡ (1/Njet)dN/dpTrel, where pTrel = |p particle x p jet| / |p jet|   (GeV) 
➡ others possible, e.g. (1/Njet) (1/ΔR) d(pTparticle)/d(ΔR) 4

pparticle

pjet

ΔRjet,particle



Detector effects 
on z distribution

• Will explore detector effects on distribution differentially: 
1. finite reconstruction efficiency 
2. resolution on particle angle 
3. resolution on particle momentum 
4. resolution on jet angle 
5. resolution on jet momentum
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1. Finite reconstruction efficiency

• Loop over all reconstructed tracks without quality cuts/selection 
➡ declare their “associated” truth particles 

(SvtxTrackEval::max_truth_particle_by_nclusters() ) as 
having been successfully reconstructed 

• Then, remake z distribution using the subset of truth particles 
which were successfully reconstructed 
➡ remember: no smearing in z, just drop in yield…
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2. Resolution on particle angle

• As step #1, but use reconstructed track’s (η, ɸ) 
➡ this can change dot product, and also push 

reconstructed particle angle out of jet cone 
➡ note: still using truth particle’s pT, and truth jet (pT, η, ɸ) 
➡ resulting smearing in z is negligible except at very low-z
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3. Resolution on particle momentum

• As step #2, but using reconstructed track’s pT 
➡ note: still using truth jet kinematics 
➡ resulting smearing in z is at the 1%-level
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Simulating jet angle & momentum resolution
• At the moment, no full G4 or fast 

simulation of calorimeters 
➡ grab some numbers from previous 

studies just to test scale of the effect 
➡ 10% resolution in p+p collisions from 

sPHENIX MIE document 
➡ 0.02 angular resolution Jin Huang’s jet 

performance studies

Jet performance in p+p collisions Physics Performance

4.3 Jet performance in p+p collisions

We begin by exploring the performance of the detector in p+p collisions. This allows us to
investigate the effects of detector resolution and how well the process of unfolding these effects in
simpler collisions works before considering the additional effects of the underlying event and jet
quenching in heavy-ion collisions.

The most realistic understanding of the sPHENIX jet reconstruction performance comes from a
full GEANT4 simulation of the detector response. In this case, PYTHIA particles are run through a
GEANT4 description of sPHENIX, the resulting energy deposition is corrected for by the sampling
fraction of the relevant calorimeter, binned in cells of h-f (0.024 ⇥ 0.024 for the EMCal and 0.1 ⇥ 0.1
for the HCal) and the resulting cells are used as input to FASTJET. Particles from PYTHIA events
are put through FASTJET to determine the truth jets.

We then calculate the difference between the energy of the reconstructed calorimeter jets, Ereco, and
the particle-level truth jets, Etrue. The width of this distribution, s(E), is fit with a functional form:
s(E)/E = a/

p
E + b.

Full GEANT4 calculations of the energy resolutions for jets in p+p collisions reconstructed with
anti-kT and R = 0.2 and R = 0.4 are shown in Figure 4.3. The resolutions are relatively independent
of R and in simulation are substantially better than the required specification detailed in Chapter 2.
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Figure 4.3: The GEANT4 calculated energy resolution of single jets in p+p collisions reconstructed
with the FASTJET anti-kT algorithm with R = 0.2 and R = 0.4.

The jet energy resolution in collider experiments is often found to be a factor of 1.2–1.3 worse than
the quoted single particle resolution of the hadronic calorimeter. This factor is a balance of many
effects including the better resolution for the electromagnetic part of the shower, soft particles that
deflect out of the jet cone in the magnetic field, some lost energy, etc. The CMS quoted jet resolution

106

Simulation MeetingJin  Huang <jihuang@bnl.gov> 11

• Pythia8 200pp, s>25GeV, truth jet trigger E>30GeV, 2000 event 
• 250 events of the same setting as reference for now....
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• No simulation of calorimeters, so no reconstructed jets 
• Take step #3 and apply ad hoc Gaussian smearing of 0.02 

radians to jet η and ɸ, independently 
➡ recalculate z with new jet angle (note: no change in jet pT) 
➡ smearing in z at the %-level

z

-210 -110 1

z
/d

N
) d

je
t

N
(1

/

-110

1

10

210

)jet
φ/η, jet

T
p, hφ/η, h

T
ppure truth (

), if recojet
φ/η, jet

T
p, hφ/η, h

T
ptruth (

)hφ/η), reco (jet
φ/η, jet

T
p, h

T
ptruth (

)hφ/η, h
T

p), reco (jet
φ/η, jet

T
ptruth (

)jet
φ/η, hφ/η, h

T
p), reco (jet

T
ptruth (

z

-210 -110 1

z
/d

N
) d

je
t

N
ra

tio
 o

f (
1/

0.8

0.85

0.9

0.95

1

1.05

1.1

1.15

1.2

)jet
φ/η, hφ/η, h

T
p), reco (jet

T
pDEN: truth (

)hφ/η, h
T

p), reco (jet
φ/η, jet

T
pNUM: truth (

10

4. Resolution on jet angle



5. Resolution on jet momentum

• Take step #4 and apply ad hoc 10% jet energy resolution, 
recalculate z 
➡ smearing in z at the few-% level, but noticeably  larger 

at low-/high-z 
➡ naively expected this effect to be larger (see next 

slide)
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5. Resolution on jet momentum

• Just to understand the effect, increase jet momentum 
resolution to 50% 
➡ as expected, “broadening” of measured z distribution 
➡ approximately 5x larger than effects of 10% resolution on 

previous slide 
➡ so, this effect is NOT important in p+p but will be important 

in Au+Au, where resolution is notably worse

z

-210 -110 1

z
/d

N
) d

je
t

N
(1

/

-110

1

10

210

)jet
φ/η, jet

T
p, hφ/η, h

T
ppure truth (

), if recojet
φ/η, jet

T
p, hφ/η, h

T
ptruth (

)hφ/η), reco (jet
φ/η, jet

T
p, h

T
ptruth (

)hφ/η, h
T

p), reco (jet
φ/η, jet

T
ptruth (

)jet
φ/η, hφ/η, h

T
p), reco (jet

T
ptruth (

)jet
φ/η, jet

T
p, hφ/η, h

T
preco (

z

-210 -110 1

z
/d

N
) d

je
t

N
ra

tio
 o

f (
1/

0.7

0.8

0.9

1

1.1

1.2

1.3

)jet
φ/η, jet

T
p, hφ/η, h

T
pDEN: reco (

)jet
φ/η, hφ/η, h

T
p), reco (jet

T
pNUM: truth (

12

σ(pTjet) = 50%σ(pTjet) = 50%



Detector effects on pT
rel 

distribution

• Similar study with pTrel distribution 
➡ right plot: effect just of reconstruction efficiency 

(truth kinematics for particles and jets)
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Detector effects on pT
rel 

distribution

• Left: effect of particle angle resolution 
➡ %-level 

• Right: effect of particle momentum resolution 
➡ few-% level, a specially at higher pT
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Detector effects on pT
rel 

distribution

• Left: effect of ση,ɸ = 0.02 jet angle resolution 
➡ very large effect within current (linear) binning 
➡ z goes as cos(ΔR) ~ 1- ΔR2, pT

rel goes as sin(ΔR) ~ ΔR, so more 
susceptible to small changes in ΔR? 

• Right: effect of σ = 10% jet momentum resolution 
➡ nil by construction, since it cancels in observable definition
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Next steps?
• Identify / quantify effect of fake tracks 
• Analyze FF for Pythia8 jets embedded into HIJING Au+Au 

➡ large particle inefficiency & pT resolution, larger jet kinematics 
resolution, fake tracks? 

➡ would need to implement UE subtraction at low-z 
• Compare & contrast other tracking options 

➡ which are ready to be used? 
• Include calorimeters in simulation (full G4 or fast-sim with tails?) 

➡ to have more realistic handle on jet-part of the performance? 
• Proposal for “money” performance plot: 

➡ train analysis procedure on Pythia8+HIJING (unmodifed FF) 
➡ see how well one can reconstruct modified FF’s (PYQUEN or 

JEWEL) 16


